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INTRODUCTION
Evolution of technology brings computers to the bedside
Each of the articles in this issue demonstrates the usefulness
of computers in the clinical practice of medicine. We must now
ask if these tools can be removed from the hands of the pioneers
and used by the average nephrologist. Although I feel that the
answer to this question is yes, most readers will be skeptical.
The promise of computer power has been held before us for 20
years, and tangible results have been rare. To understand what
has changed, we must review the causes of previous failures.
When the first efforts were made to computerize health care
delivery, computers were expensive, large devices which re-
quired elaborate environmental conditioning. Highly trained
computer programmers were necessary to write the complicat-
ed programs that instructed the machine. The medical practi-
tioner was therefore isolated from the computer and the com-
puter routines that he wanted to use. Medical computer applica-
tion programs were written by computer specialists who asked
physicians what help they needed from the computer to practice
medicine. Most physicians do not know exactly what data they
need to care for a patient or exactly what steps to follow to
make a medical decision. The computer scientists were con-
fused by the undisciplined art of medicine, and most early
programs did not work well enough to help the physician.
Functional clinical computer programs began to appear in the
early l970s. The successful programs focused on small, well-
defined problems such as the analysis of an acid-base disorder.
A physician would indicate the data that he needed to evaluate a
problem and the conclusions that could be drawn from each
finding. A programmer would then write a program that asked
for the required data and duplicated the physician's reasoning.
Although relatively small computers could handle medical
decision programs, even small computers cost more than a
practicing physician could afford to use programs of such
limited scope. The computer-physician dialogue was awkward
and required either the use of a typewriter keyboard or the help
of a terminal operator. The use of computer programs was not a
normal part of the health care process and therefore almost
always required extra staff time. Limited acceptance of comput-
er-generated reports resulted in sporatic use that in turn lead to
incomplete data collection. It was difficult to keep the programs
up-to-date with changes in medical knowledge because the logic
was imbedded in a complicated program. Computers were so
different from one another that a program written for one would
not be usable on another. Accordingly, the clinical programs
did not succeed when transferred from a research base to the
clinic.
In recent years, most of the problems inherent in early
computer technology have been eliminated. Small, inexpensive
microcomputers are available which have more computational
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and storage power than their cumbersome predecessors. A
single practitioner can purchase a computer for the price of an
expensive car. The processing unit may be located under his
secretary's desk without environmental conditioning. Early
microcomputers were more suited to be hobbies than serious
clinical tools. They depended on floppy disks for secondary
storage, had slow printers with poor print quality, and had no
means of making backup copies. Floppy disks are soft disks
which are small and actually wear out because the read/write
heads touch their surface. Winchester disk drives, which are
self-contained, overcome problems of both size and reliability.
Better quality printers and sources of bulk data backup are now
becoming available.
Computer languages have become more standard, increasing
the ease of moving an application developed for one machine to
another. Network technology has made it possible to move data
back and forth between different types of systems. This capabil-
ity allows a group of physicians, each using a microcomputer,
to share data about patients.
User friendly software has been developed. Higher level
languages such as Basic allow the use of a single command to
instruct the computer to perform several steps. In addition to
allowing less sophisticated personnel to instruct the computer,
such languages increase both the speed and accuracy of pro-
gramming. Physicians are now being trained who subspecialize
in computer programming, reducing the need to interact with
the computer through an intermediary.
Fewer physicians view communicating with a computer as
awkward. They are exposed to computer terminals when they
use an automatic bank teller machine or check out their
groceries. Dialysis machinery now contains microprocessors
which monitor the alarm circuits and ultrafiltration. Light pens
have eliminated the need for typing skills. Other innovations
including bar coding and voice transponders will make talking
to the computer as easy as talking to a secretary.
Despite advances, medical application packages still lag
behind the capability of current technology. The basic problem
remains that it is difficult to define exactly what data is
necessary to apply to the care of a patient and exactly how
medical decisions are made. Artificial intelligence may over-
come this problem. With this technique, the physician defines
decision rules in which a group of findings result in an action or
conclusion. A program then analyzes data available about a
patient and invokes all of the applicable rules to make a
decision. Such rule data bases are easier to create and maintain
than traditional programs.
As the use of computerized medical records spreads, the
aggregate computer data bases will replace the need for a
specialist to define data sets or decision rules. Each computer
record will serve as an automatic case report. When a physician
sees a patient he will be able to query the databank for similar
patients without needing to specify a diagnosis. The computer
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will be able to provide the natural history and response to
different therapeutic modalities by reviewing the courses of
patients that match the case in question.
Although computer technology is now ready for the clinic,
many failures will continue to occur. Computer salesmen that
do not understand the unique needs of the medical marketplace
will sell hardware and software that are inadequate for the job
or too difficult to use. Before buying a computer system, make
sure that it has capacity for growth both in terms of the number
of terminals you may use and the amount of data that you can
store. Check the quality of the terminals and method of data
backup. Remember that the best test is to see a system in
operation in an environment similar to your own.
Computer equipment will continue to become more powerful,
although cost increases of computer programs will off-set
further reductions in hardware costs. Each of our practices will
become increasingly dependent on the computer over the next
10 years. Use of graphics and trend analysis will increase
physician awareness of subtle changes in a patient at the same
time a computer data base makes available the global practice
experience upon which to make decisions about a course of
action. Our computer science colleagues have presented us
with workable systems. It is up to us, the practicing nephrolo-
gists, to integrate them into our working day and provide
feedback to guide the development of the next generation of
systems.
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